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Abstract- A GPS/IGNSS/Iridium antenna co-located with a UHF
communications monopole on a handset was developed to
provide integrated communications and navigation capability.
The GPS/IGNSYIridium antenna is a folded Quadrifilar Helix
Antenna (QHA) with nove features to improve frequency
coverage compared to existing QHA designs. The GNSS
frequencies covered include modernized GPS (L1, L2, L5),
GLONASS, Galileo, and Beidou (Compass), spanning from
1164 to 1300 MHz and 1559 to 1611 MHz. The Iridium
communications band (1611-1626 MHz) is also covered. This
antenna can be co-located concentrically (co-axially) around a
225-400 MHz UHF monopole. Two QHA models were built
and tested co-located with the UHF monopole on a handset
box.

I INTRODUCTION

This paper describes an antenna designed for Global
Navigation System (GNSS) and Iridium signals. Thieana
can also be co-located with a UHF communications
monopole on a handset to provide an integrated
Communications - Navigation (Comm/Nav) antenna.

The GPS/GNSS/Iridium antenna is a wideband folded
Quadrifilar Helix Antenna (QHA) with novel featuregich
improve frequency coverage compared to existing QHA
designs. The GNSS frequencies covered include mamber
GPS (L1, L2, L5), GLONASS, Galileo, and Beidou
(Compass), spanning from 1164 to 1300 MHz and 1659
1611 MHz. The Iridium communications transmit and
receive band (1611-1626 MHz) is also covered. @hienna
can be co-located concentrically (co-axially) ambwnUHF
monopole for 225-400 MHz communications. The QHA
design simultaneously covers the GPS/GNSS/Iridium
frequency bands with or without the UHF monopoleeited
through it.

The primary design goal for the folded QHA was to
maximize Right-Hand Circularly Polarized (RHCP) yait
all GNSS frequencies and Iridium at angles fromithen
down to 10 degrees above the horizon. A QHA is wailed
to this application since it provides excellent RHEverage
at all azimuth and elevation angles, as well as low
crosspolarization to reduce multipath.

The antenna patterns and gain are affected byahédset
box upon which the antenna is mounted; for purpasfes
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demonstration, the antennas were optimized anddest a
conductive handset box which was 8” long x 4” wigel.5”
thick; no other ground plane was used. The dianténe
QHAs ranged from 0.75” to 1.5, so that each cditidbn

top of a handset. A 10-inch long brass monopolsleeve
was included co-axially through the center of e&HA.

The presence of the QHA around the monopole also
increases the gain of a thin monopole by severalod&
most of the UHF communications band.

Il FoOLDED QHA WITH NOVEL FEATURES

Fig. 1 shows the new folded QHA design and defines
some dimensions. The QHA helix traces were madm fro
copper tape placed on a thin Mylar sheet, which is
compatible with printed-circuit volume productiofhe
Mylar was then wrapped around a dielectric rod Wwhilked
the volume inside the helix. The dielectric is thvbite
material seen inside the helix in the photos; & ha axial
hole through the center of the dielectric for tiptianal UHF
monopole or sleeve monopole.

Short to Other
UHF Communications

Antenna Located
Through Center of QHA

QHA Axial Length

Handset
Box Driven Arms
Connect to

Feed Points

Folded Arms Shorted to Handset Box

Fig. 1. Photo of Comm/Nav Folded QHA.

These QHA antennas have four 50-ohm feed pointé ea
feeding one of the four helix driven arms, extdsnphased
in quadrature for RHCP. The QHA also has four fdlde
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arms; each folded arm is parallel to the driverixheim and
is shorted at the bottom of the folded arm to thadset
conductive case, as seen in Fig. 1.

Use of folded arms for a QHA was previously repoite
improve impedance match and bandwidth and/or toaed
size [1][2][3][4][5]. Further improvements to theolded
QHA were developed under this task to extend thguency
coverage to include all GNSS and Iridium, and dts@o-
locate it with a UHF monopole.

Fig. 1 shows these novel QHA features. The conmesti
between the driven and folded helix arms in the GH4A
design are different from the prior works referehedove.
One new feature is the “Series Capacitance,” wizsidbs
capacitance at the top between each helix drivenaard its
respective folded arm. This capacitance was pratiume
overlapping the copper traces as will be descriddo
novel is the “Short to Other Folded Arm” seen & tbp of
the helix, which connects each helix driven arrnthefolded
arm of the adjacent helix (not shorted to its owiddéd arm
as in [2]). Integration of the QHA coaxially arouadUHF
monopole communications antenna is also new, amast
not obvious the QHA would work well with the mondpo
present until it was tested under this effort.

Tables | and 1l list dimensions and parametersefich
QHA design. The length of the dielectric rod waswbl
mm longer than the QHA Helix Axial Length.

Column e is the Helix Pitch which is the axial léngf
the helix were extended for 1 full turn (the he$ixess than 1
full turn).

Column f is the Helix Pitch Angla defined in Fig. 1 as
the slope of helix trace measured from horizontal.

Column g is Degrees of Rotation to Folded Arn
shown in Fig. 1; it is the circumferential angleoab the
center axis of the helix separating the drivenxhatim from
the folded arm, center to center of the traces.

Column i is the Helix Trace Length in wavelengtiss
the length along each driven arm as it winds arptmd the
feed point at the bottom, up to the top of thexhelivided by

the free-space wavelength at 1.4 GHz, which is the

approximate center of the GNSS frequency band .

Column j is the Helix Trace Width of the copperctra
used for each helix arm. A trace width as narrod.&smm
(0.020") was found to improve performance for thidded
QHA.

Table I. QHA Prototypes Computer Modeled, Built and Tested.
Dielectric Rod is Rohacell with Relative Permittivity . =1.07

a. b. C. d. e f. g. h. i. j.
Prototype QHA QHA UHF Helix | Helix | Decree: | Number| Helix | Helix
Name Diameter | Helix Brass Pitch | Pitch | Rotation| of turns | Trace | Trace
Axial | Monopole Angle | Folded | for each| Length, | Width
Length | Diameter a Arm @ helix | wvlgth
Air-loade( 1.50 2.913 1.00 3.870" | 39.2 24 0.75:¢ 0.547 | 0.079’
1.5"x2.9" | (38.2mm)| (74mm)| (25.4mm) Ao (2mm)
Air-loade( 1.00 3.189” 0.125 | 3.338' | 46.4 24 0.95¢ 0.522 | 0.079’
1.0"x3.2" | (24.5mm)| (81mm)| (3.2mm) Ao (2mm)
Table II. QHA Prototypes Computer Modeled only (not built).
Dielectric Rod is EccoStock HiK with Relative Permittivity & =4.0
a. b. C. d. e f. g. h. i. j
Prototype QHA QHA UHF Helix | Helix | Decree: | Number| Helix Helix
Name Diameter | Helix Brass Pitch | Pitch | Rotation| of turns | Trace | Trace
Axial | Monopole Angle | Folded | for each| Length,| Width
Length | Diameter a Arm @ helix | wvlgth
Diel-loadec 1.00 2.244 0.125 | 3.103 | 44.3 25 0.72¢ 0.381 | 0.020
1.0"x2.2" | (24.5mm) | (57mm)| (3.2mm) Ao (0.5mm)
Diel-loadec 0.75" 2.441 0.125 | 2.631' | 47.7 30 0.92¢ 0.391 | 0.020
0.75"x 2.4" | (19.05mm)| (62mm) | (3.2mm) Ao (0.5mm)




.  QHAPROTOTYPERESULTS

The two QHA in Table | were built and tested. Thisgd
a Rohacell foam dielectric material with a very Idiglectric
constant{, =1.07) so they are approximately air-loaded.

The QHA antennas were externally phased for RHCP
using two quadrature hybrids and one 180 hybrice Hss
through this combiner network is approximately 2 diBich
is incorporated in, and has already reduced, alhteasured
gains and patterns shown in this paper.

The first QHA in Table | is shown in Fig. 1. Thi+i@ is
1.5” wide and 2.9” long, so it does not exceed 1hg"
thickness of the handset case. It encircles ddiheter, 10”
long metal cylinder such as for a UHF sleeve motoff].
The bottom of the sleeve was soldered to the handse

The measured RHCP gain patterns of this QHA are
plotted in Figs. 2a through 2d in two cardinal glan Fig. 3
shows the gain at zenith for all GNSS and Iridium
frequencies. The measured zenith gain at L1 i<IBi8 and
at Iridium it is 0.3 dBic. At L2 and L5 the gais about -1.4
dBic. Fig. 4 shows the Return Loss (S11) at eaphtiport
for this QHA which shows a dual-band very low retioss,
which shows a very good impedance match. The meeésur
crosspolarization level for all the QHA was arouf@ dBic.
The low-angle coverage of about -5 dBic at &@evation is
also better than most other types of FRPAs, thattigical
benefit of a QHA type of antenna. This gain perfance is
good, especially at low elevation angles, consmerihe
presence of the wide 1" diameter metal cylindetinitthe
1.5” diameter QHA. Increasing the diameter of thrasb
cylinder further was found to reduce the gain ef @HA.

It is interesting to note that the individual pdtil
resonances in Fig. 4 do not always occur at ex#éfedysame
frequencies as the maximum gain shown in Fig. 3s T
probably mainly due to mutual coupling between tier
feed ports, which will affect the impedance andumetloss
when all four ports are phased and driven simutiasky for
RHCP. Additional prototyping might be able to impeathe
gain performance.

The 2 QHA in Table | has the same topology as shown
in Figure 1, but the diameter was less than forith@HA
since the inserted monopole was much thinner aarsho
column d. The ¥ QHA is 1.0" wide by 3.2" long; it
encircles a monopole which is 0.125” diameter abiddng.

As a result of the thinner monopole, th¥ @HA was
able to achieve better performance than tHeQHA. The
measured RHCP gain patterns of this QHA are ploited
Figs. 5a through 5d. Fig. 6 shows the gain attheor all
GNSS and Iridium frequencies. The measured peak ajai
L1 is 0.8 dBic and at Iridium it is 1.7 dBic. APRlthe gain is
1.4 dBic and at L5 it is 0.8 dBic. Fig. 7 shows ®Return
Loss (S11) at each input port of this QHA, the metioss is
low which is shows a good impedance match. Howetir
seen in Figs. 6 and 7 that the best return loss gaid

performance were obtained at a much higher frequenc
(around 1.75 GHz in Fig. 7), so with additional ihg it
would probably be possible to move that high gasonance
closer to the L1 and Iridium frequency.

Patterns were also measured for tHe@HA without any
UHF Monopole inserted through it. Those patterres raot
shown here due to space limitations, but the QHA
performance is similar to the results shown hend, @an be
reoptimized with a slight re-tuning of the QHA cajance
to compensate for the removal of the monopole.

The 2“ QHA provided much better size - performance
tradeoff for GNSS and Iridium than existing fold€dHAs
described in the literature. The QHA reported ihif25.0"
long and 1.34" diameter and does not cover the L5
frequency. The QHA in [3] is 3.07” long and 1.42&cheter
and only covers L1/L2, not L5 nor other GNSS fretpies
nor Iridium. The QHA designs reported in [4] and §over
only one narrow frequency band. A prior L1/L2 dbald
trap-loaded QHA [7][8] is about 5” long and coverdy L1
and L2. It is also not specifically stated in ariytteese prior
papers whether the loss through the quad combiser i
included in the reported gain or not. Also, nonehef other
QHA investigated co-locating a monopole with the/&QH

The performance of thd"2QHA was very insensitive to
the impedance between the base of the monopolehend
handset case: whether open or short circuitedsonal gap.
So it is expected that this impedance will not have
significant effect on the QHA GNSS and Iridium
performance.

Electromagnetic computer modeling software was used
to optimize the QHA; specifically High Frequencyugture
Simulator (HFSS) with the Distributed Solve Optirom
Ansys Corporation. The HFSS computed results far th
QHA are not included in this paper due to spacéadtins.
The computed patterns are similar to the measuatierps
except the computed gain is about 2 to 4 dB higtear
zenith than the measured gain. Only 2 dB of thedrdpancy
is due to quad combiner loss used to form the RFtCEhe
measurements. The remaining 0 to 2 dB discrepascy i
probably due to inaccuracies in the HFSS computer
simulation, imperfections in the prototype consfiarg and
measurement tolerances. The HFSS computed Slgscurv
show a double dip resonance as seen in the measadts
in Figs. 4 and 7, although the frequency is oftbifted a
little in the optimized computed curves, which sesfg that
further improvements in performance are possible.

The two QHA in Table Il were computer modeled bat n
tested. They have a dielectric material with=4. The
computer models predicted coverage of the GNSS and
Iridium frequencies, with or without the thin UHFomopole.

Due to the dielectric loadingerE4.0) the bandwidth is
narrower and coverage at L5 is lower gain tharatger air-
loaded QHA results shown above. Other dielectrizstants

as high as 9 and 15 were also tried, but bettedtsewere



obtained using the lower dielectric constants foese
wideband designs

IV. UHFMONOPOLE

A 10-inch long brass monopole (0.125" diameter) or
monopole sleeve (1.0” diameter) was included cedBxi
through the center of each QHA for the measuremients
order to determine their effect on the GNSS andium
performance of the QHA. The performance of UHF
monopoles is widely documented [9], and the peréorce
of a novel compact sleeve monopole at UHF is desdrin

[6].

To examine the effect of the QHA on the monopole
performance, the gain of the thin UHF monopole was
computed with and without the QHA. It was foundtttiee
presence of the QHA around the thin monopole imgsdahe
impedance match and increases gain of the mondpole
several dB towards the horizon, over most of theFUH
communications band. The isolation or couplingween
the UHF monopole and QHA ports was also computet an
found to be about -45 dB at GNSS frequencies.

V.  SERIESCAPACITANCE

As mentioned earlier and shown in Fig. 1, a noratudre
introduced in this paper is the “Series Capacitamckied
between each helix driven arm and it's respectivided
arm. This capacitance was produced by overlappirag
copper traces, separated by a thin layer of Mytaform a
small parallel-plate capacitor. This was found &a more
reliable and repeatable method to include very ksmal
capacitances in the prototypes than soldering setficount
capacitors by hand. It also allowed the capacitaincbke
trimmed to tune the impedance match and to maxirtiee
gain of the antenna at the desired frequencies. Skmee
capacitance was used for each of the four heliXethe
QHA. The desired capacitance was first estimatedgus
HFSS modeling, and then it was adjusted empirichify
trimming the capacitor overlap length in the prgpats.
However, the amount of capacitance was not fullynaped
in the prototypes due to time limitations, so ip@ssible that
additional lab work could improve the results.

Each parallel plate capacitance (without fringirfig&ts)
is given by:

C= K*E0*A/D

where:

K = 3.2 is the dielectric constant (relative petivity) of
the polyester film (Mylar) sandwiched between the
overlapping traces to form each capacitor

Eo is Permittivity of free space (8.854 x¥®/m, which
equals 0.2248 x 18 Flinch).

A is the overlapping area of the traces,

D is the distance separating the overlapping traces

For example, if the circumferential top copper ¢ras
0.030" wide, with an overlap length of 0.060", thtére
overlap area is 0.0018 square inches. The Myldr.isnm
thick (0.00394") with K=3.2 so the capacitance i830pF

from the above equation which does not includegfrig
effects. For fringing effects [10] add about 0.0+ for this
size capacitor, so each capacitor is about 0.4vpich is a
typical value used for each of the four capacitorshe
QHA, although it differed somewhat for each QHAidas

VI. CONCLUSION

A GPS/GNSS/Iridium QHA co-located with a UHF
monopole can provide integrated communications and
navigation capability. The QHA utilizes novel feads to
improve frequency coverage compared with existihtAQ
and the QHA also significantly improves the UHF rgaif
the monopole.
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Fig. 5a. 1.176 GHz Measured RHCP Gain patternAifeloaded
1.0” x 3.2” QHA Encircling 0.125” diam Monopole ¢tandset Case.

RHCP LHCP RHCP 90 LHCP 90

in dBic

0
345 ——T———

N
S

o
%

",ﬁ
S
gf/%
A
5

195 — 165
180

Fig. 5b. 1.227 GHz Measured RHCP Gain patternsiieloaded
1.0" x 3.2" QHA Encircling 0.125” diam Monopole é¢tendset Case.

/

1.1 1.3 1.5 1.7

2

-

Frequency, GHz

Fig. 6. Measured RHCP Gain near Zenith for Air-lecd
1.0" x 3.2" QHA Encircling 0.125” diam Monopole éfendset Case.

RHCP LHCP RHCP 90 LHCP 90

\ “c{‘ KN /
| le

20 -

— —
— 3
S

195 Tt 165

1
Fig. 5¢. 1.575 GHz Measured RHCP Gain patternaiieloaded
1.0" x 3.2" QHA Encircling 0.125” diam Monopole é¢fendset Case.

0‘“‘ " e

[
A e
\ S //‘m&s %
SIRRLT
YT TN

210 -

| 0
dB

\
ko
I
/

: \
RN
A

1.
/
135

150

T 165

180
Fig. 5d. 1.626 GHz Measured RHCP Gain patternsiieloaded
1.0” x 3.2” QHA Encircling 0.125” diam Monopole ¢tandset Case.

—S1] —822 —_—

A A A A S A S e Al

R

BRI 5o RURYRRY*EAL B R AT RRCS8S

mmmmmm

1.0” x 3.2” QHA Encircling 0.125” diam Monopole ¢tendset Case.



	Introduction
	Folded QHA with Novel Features
	QHA Prototype Results
	UHF Monopole
	Series Capacitance
	Conclusion
	Acknowledgment
	References


